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Abstract. The purpose of this research is to design and to modify a monomer reactor tank in order to 
achieve higher output production of bio-monomer. The main aspect of this design is based on 
producing good quality and higher yielding of monomer. The design was started on lab scale process 
of 2L beaker into a 5L reactor. The most important point of the design is to produce larger amount of 
monomer as compared to lab scale equipment. Selecting material is vital on the process and cost for 
fabricating the reactor. It is to prevent chemical corrosion on the reactor and to produce higher yield 
of monomer with cost effective way. The optimization and analysis of the design and materials of a 
reactor were based on influence of heat and chemical resistance on the reactor. The design and 
analysis process were done using Solidworks and chemical resistance were based on the standard 
chemical chart for common materials used for a reactor. The best material for the reactor is Stainless 
Steel 316 based on chemical chart, heat resistance and cost effective. The yielding of monomer is 
more than 100% by lab scale method with predetermined controlled parameters of stirring speed and 
temperature. There were small differences between every samples. At 80°C, the yielding of monomer 
is the highest while the by product (water) is the lowest. Meanwhile, at 60°C the monomer yielding is 
the lowest with highest by-product. 
Introduction 
An oil converter or commonly known as tank reactor is a common ideal reactor type in chemical 
engineering. A continuous stirred tank reactor frequently refers to a model used for approximation of 
the operation variables when using a continuous agitated tank reactor to reach a specified output. The 
model works for all fluid like liquids, gaseous and slurries. Batch reactors are the most common type 
of industrial reactor. Reactants are charged to the system, rapidly mixed, and rapidly brought up to 
temperature so that reaction conditions are well defined [1]. 
Design is an innovative and highly iterative process. It is also a decision making process. 
Decisions sometimes have to be made with too little information, occasionally with just the right 
amount of information, or with an excess of partially contradict information. The point is that, 
engineering has to be personally comfortable with making decision and solving problems. To design 
is either to formulate a plan for the satisfaction of a specified need or to solve a specific problem. If 
the plan results in the creation of something having a physical reality, then the product must be 
functional, safe, reliable, usable, and etc. Design is a complex process and required many skills. [2] 
Material selection is one of the vital steps in the preliminary design of a monomer reactor. Existing 
reactors use high cost and very strong chemical resistance materials, but most of this reactors were 
used in industrial scale. The main objective of this study will be an optimization of a lab scale reactor 
design which is to select the most suitable material by considering two parameters that influenced the 
process in producing a monomer which are heat and chemical resistance. These parameters and 
specifications are needed as reactors will be use to mix chemicals at low and moderate temperatures. 
The chemicals used to produce a monomer will react with the reactor's body and decrease the strength 
of the materials and may eroded the tank.  A reactor should be durable and long lasting as it operates 
for a long period of time.[3] This study is important in producing monomer whereby the monomer 
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 reaction in a reactor must proceed with the highest efficiency towards the desired output and 
producing the highest yield of reactant in the most cost effective way. 
Scaling up process 
Scale-up or scale-down procedures are part of the integrated process development. The challenge is to 
find the optimum between the chemistry, the design, the EHS (environment, hygiene, and safety) 
compliance, and economic factors. This iterative process requires concept discrimination at the early 
stage of the process development. A direct transfer from laboratory scale to the industrial scale is 
rarely feasible. Generally, one or several scales between the lab and the industrial process may be 
used [4,5].  
Batch reactors are the most common type of industrial reactor. Reactants are charged to the 
system, rapidly mixed, and rapidly brought up to temperature so that reaction conditions are well 
defined [6].Observed reaction rates in small-scale reactors are often strongly influenced by reactor 
hydrodynamics and transport limitations. The designer must carefully monitor these effects when 
designing a commercial scale reactor [7].A major problem to restrict its commercial application is 
due to the difficulty in scaling-up the results from small laboratory batch equipment, such as stirred 
tank, to large continuous industrial unit. Often results from small-scale test units predict reactant 
conversion and space–time yield, which cannot be achieved when the equipment size is increased [8]. 
5L reactor design 
The design of 5L reactor consist of a motor, tank, propeller, inlet and outlet valve, control box, heater 
and body frame. It is does not came with wheel for easy placement and baffle for the mixing process. 
However, the reactor is not so heavy for easy movement. The design has eliminated many laboratory 
equipment and ease of handing. It also reduces the cost and time for the processing of monomer. The 
reactor is design to ensure bigger amount production of monomer than laboratory scale. This is the 
step for experimental scale where the reactor runs in the laboratory. Figure 1 shows the drawing and 
design of 5L reactor. Meanwhile Figure 2 shows the prototype that had been fabricated using 
Stainless Steel 304. Although the most suitable material is stainless steel 316, it is hard to get the 
material. In this early stage, the prototype was made using stainless steel 304 as an early development 
of the reactor. 
 
    
 
Figure 1: Schematic and design concept 5L reactor. Figure 2 : 5L reactor prototype 
Design optimization of a 5L reactor 
In any design and optimization problem, the first consideration is to decide the boundaries of the 
system. All the parameters that are needed in order to select material in this design optimization of a 
reactor were clarified. The material in a reactor is selected by considering its thermal and chemical 
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 resistance. The material selection process is conducted in the parametric design phase. The selection 
of a material for the reactor optimization will be done by using the chemical resistance chart and 
SOLIDWORK thermal simulation. The corrosion chart was used for the preliminary screening of 
materials that are likely to be suitable. By using SOLIDWORK thermal analysis simulation the 
materials are analyzed based on their temperature, heat power and convection. This analysis of heat 
resistance only focuses on a reactor tank because the chemical reaction only affected by the reactor 
tank where the heat sources comes from the inner of the reactor. 
The material for this analysis is selected by referring to the chemical used in a reactor, where the 
chemical concentration is around 98% and by referring to the chemical chart which the material was 
compared on its chemical and corrosion resistance. 
 
Table 1 : Chemical resistance for common reactor material and grades of reaction 
 
From the table, it shows that the most suitable material for the reactor is polyvinyl chloride (PVC) 
Type 1. But, considering the properties of PVC, it cannot withstand heat within a long period. So, for 
the most suitable material is stainless steel 316 as considering cost effective for a lab scale reactor. 
In order to analyze the heat resistance for a reactor, this study of design optimization of a reactor 
use thermal analysis simulation by using SOLIDWORK software to analyze the heat resistance in 
selecting a material for the reactor tank. The heat parameter used is the standard heat level for 
producing monomer from cooking oil. The heat must be below 100°C as to prevent loss of water 
during condensation process and above 50°C to optimize the reaction temperature. The heat selected 
was 60°C, 70°C and 80°C.  Below is the example of  the thermal analysis simulation result. 
 
            
Figure 3: Result for 60°C, 70°C and 80°C  Figure 4: Result for 150°C 
 
Based on the thermal analysis result, Figure 3 shows that the properties of maximum Von Misses 
stress remained unchanged for all control temperature (60, 70 and 80°C) and for each of the materials 
used (Stainless steel, carbon steel, nickel and PVC) . This is because of the low temperature used and 
it does not affected the result of the analysis. Hence, to prove this result of low temperature analysis 
has remained unchanged, in Figure 4, the thermal analysis for temperature greater than 100°C which 
is the temperature of 150°C  has been tested to observe the result in maximum von misses stress. As 
the thermal analysis result is uniform or remain unchanged, and then the material will be selected by 
comparing the relative costs of the possible candidate materials since the one of the significance of 
the study is to select the materials with the most effective cost. 
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Acetic Acid ( 80% ) A A X D 
Hydrochloric/ Muriatic Acid 
(100%) 
D C X A 
Phosphoric Acid (40% - 100%) B A X A 
Sulphuric Acid (75% - 100%) D B E A 
Rating Chemical Effect 
A No effect   Excellent 
B Minor effect  Good 
C Moderate effect Fair 
D Severe effect  Not recommended 
E 
Recommended for most conditions up to 
the maximum temperature of the 
material. 
F Fair. May be acceptable, but testing is recommended. 
X Not recommended. 
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 Monomer conversion process 
In polymer industry, vegetable oils which represent a major potential source of chemicals have been 
utilized as an alternative feedstock for monomers [9]. Recently, vegetable oil from Small Medium 
Entrepreneurs (SME) was successfully synthesis to produce a natural polyol in which hydroxyl group 
(OH) were required to react with isocyanate [10]. Green monomer based on waste cooking oil from 
Small Medium Entrepreneur (SME’s) was prepared by using in house production of catalyst to 
generate the epoxides from unsaturated fatty compound which comprises the acid-catalyst ring 
opening of the epoxides to form polyols [11-13]. The vegetable oil was poured into the reactor and 
phase transfer catalyst was added into the reactor. The mixture was stirred for about 10 minutes at the 
temperature of 50ºC. After 10 minutes, catalyst, hydrogen peroxide and distilled water was added and 
the mixing was continued for 6 hours within the temperature range of 60ºC - 90ºC. After 6 hours, the 
mixture was cooled down for 30 minutes and the monomer produced from the process can be seen 
through the observatory glass at the outside of the reactor. The glass will show two layers of mixtures, 
that is monomer on the top and by product at the bottom of the reactor [14]. 
 
  
(a)       (b) 
 
Figure 5: Graph percentage of yielding versus difference temperature, (a) Monomer, (b) Water 
 
As refer to Figure 5(a) and 5(b), the graph shows the yielding of monomer and water. There were 
slight differences in the graph for every sample. Every sample shows slight different values because 
of diversity in mass. Temperature and speed difference proved that it will influence the yielding 
percentage of monomer. The lowest yielding in monomer is 36.18% and the highest percentage is 
37.54%. The lowest percentage yielding for water is 62.46% and the highest percentage is 63.82% 
respectively. The yielding percentage shows the variation of mass for monomer and by-product. The 
pH level was determined for every water or by-product of the reactor. All of the water was in acidic 
condition where the reading were in the range of 0.9 to 1.2. The cause of the acidic condition were the 
chemical used for the process. This also means that the chemicals were successfully extracted and 
eliminated from the monomer that were produced from the process. The chemicals mixture were 
flushed out as by-product and the colour is transparent which it looks like water. 
Conclusion 
Most of the chemical reaction engineering optimization problems encounter more than one objective 
function or parameters. In this study, the specified parameter’s analysis which is heat and chemical 
resistance analysis has been defined. Hence, the objective to do a design optimization of a reactor has 
been successfully achieved. The result of the findings is that stainless steel 316 was chosen as the 
most suitable materials for designing a reactor tank for this project. The chosen materials, which is 
stainless steel 316, has been ensured that the reaction in a reactor proceeds with the highest efficiency 
towards the desired output can  produce the highest yield of a reactant as the materials is very good in 
a chemical or corrosion resistance. It is also cost effective for a laboratory scale reactor. Scaling up 
process from laboratory scale to a reactor tank was a successful and this is a crucial step for 
industrializing monomer from waste cooking oil. 
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